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An Analytical Study and Application of Earth Pressures Loaded Rectangular Plates
in The Condition of Two Next Sides Fixed and The Other Sides Free
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This paper shows the analytical study and application of earth pressures loaded rectangular plates in the
condition of two next sides fixed and the other sides free. Here, the earth pressure is enclosed of triangular,
trapezoidal, rectangular distributed loads. In this paper, the earth pressure rate e was proposed in order to
analyze easily, and the type 3 Fourier series analytical method proposed by Dr. Higasi and Dr. Komori
which was developed for this. The reasonable and the applicability of the analytical results were estimated
and discussed. Also, the tables of bending moments and shearing forces on the fixed boundaries of the
rectangular plates were presented for the designer. Finally, a new design method of the wing of abutment
was proposed in this paper.

Key Words: earth pressure, Fourier series analysis, rectangular plate, reinforced concrete
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fE-1 “BEIEE - IEBEROMITE— AT MM (BAL: P, - a?)
Mx(x,0) x/a x1/a
bla | €Ppin/Pasx| 0.0 0.2 0.4 0.6 0.8 1.0 (%)
0.0 0.00162 | 0.00918 | 0.00698 |-0.00419 |-0.02748 |-0.06738 46
0.05 0.00187 |10.54500 | 0.00813 |-0.00437 -0.03090 |-0.07837 45
1.0 0.1 0.00211 | 0.01190 | 0.00928 |—0.00455 |-0.03432 |-0.08936 45
0.5 0.00406 | 0.02281 | 0.01848 |-0.00597 |-0.06165 |-0.17728 44
1.0 0.00650 | 0.03645 | 0.02998 |-0.00775 |-0.09582 |-0.28718 43
0.0 0.00173 | 0.00465 |-0.00337 |-0.02237 |-0.05129 |-0.08504 66
0.05 0.00212 | 0.00601 |-0.00285 |-0.02435 |—-0.05803 |-0.10029 64
1.5 0.1 0.00250 | 0.00736 |-0.00233 |-0.02633 |-0.06477 |-0. 11554 63
0.5 0.00561 | 0.01819 | 0.00185 |-0.04215 |-0.11868 |-0.23756 59
1.0 0.00948 | 0.03174 | 0.00707 |-0.06192 |~0.18606 |-0.39008 57
0.0 0.00059 1-0.00369 |-0.01607 |-0.03724 |-0.06398 |-0.08775 94
0. 05 0.00100 |-0.00275 |—0.01648 |-0.04085 |-0.07304 |-0.10533 89
2.0 0.1 0.00141 |-0.00181 |-0.01689 |—-0. 04447 |-0.08209 |-0.12290 85
0.5 0.00470 | 0.00573 |-0.02018 |-0.07337 |-0.15455 |-0.26347 74
1.0 0.00881 | 0.01517 |-0.02428 |-0.10950 [-0.24513 |-0.43918 70
0.0 ~0.00120 |-0.01313 |-0.02811 |-0.04704 |-0.06656 |-0.08015 100
0.05  |-0.00084 |-0.01285 |-0.02979 |-0.05257 |-0.07804 |-0. 10000 100
3.0 0.1 -0.00048 |-0.01257 |-0.03147 |-0.05810 |-0.08952 {0. 11984 100
0.5 0.00236 |-0.01034 |-0.04492 [-0.10236 |0.18134 |-0.27860 93
1.0 0.00593 |-0.00756 |-0.06172 |-0.15768 |-0.29612 |-0.47704 85
0.0 ~0.00128 [-0.01384 |-0.02765 |-0.04341 |-0.05877 |-0.06991 100
0.05  |-0.00097 |-0.01389 |-0.02995 |-0.04985 |-0.07138 |-0.09089 100
4.0 0.1 -0.00066 |-0.01394 |-0.03225 |-0.05629 |—-0.08398 |~0.11186 100
0.5 0.00179 [-0.01438 |-0.05064 |-0.10781 |—0.18482 |-0.27965 100
0 0.00486 |-0.01492 [-0.07362 |-0.17222 |-0.31087 |-0.48939 90
Mx(a,y) yib SN
bla €=P pin/P nax 0.0 0.2 0.4 0.6 0.8 1.0 Mx,max(a,y) | y/b
0.0 ~0.06738 |-0. 05967 |-0.05209 |-0. 04136 |-0.01702 | 0.00000 | -0.06738 0
0.05  [-0.07837 [-0.06747 |-0.05704 |-0.04390 [-0.01748 | 0.00000 | -0.07837 0
1.0 0.1 -0.08936 |-0.07528 |-0.06198 |-0.04645 |-0.01793 | 0.00000 | —-0.08936 0
0.5 -0.17728 |-0.13770 |-0.10155 |-0.06682 |-0.02160 | 0.00000 | —0.17728 0
1.0 -0. 28718 |-0.21573 |-0.15100 |-0.09228 |-0.02618 | 0.00000 | -0.28718 0
0.0 -0. 08504 |-0.09171 [-0.09391 |-0.08292 |-0.03793 | 0.00000 | —0.09418 | 0.33
0.05  [-0.10029 [-0.10359 |-0.10220 |-0.08758 |-0.03896 | 0.00000 | —0.10396 | 0.27
1.5 0.1 -0.11554 |~0.11546 |-0.11049 |-0.09224 |-0.03999 | 0.00000 | —-0.11582 | 0.13
0.5 -0.23756 [-0.21048 |-0.17679 |-0.12952 |-0.04822 | 0.00000 | -0.23756 0
1.0 -0.39008 |-0.32926 |-0.25966 |-0.17612 |-0.05851 | 0.00000 | -0.39008 0
0.0 -0.08775 |-0.11143 |-0.12892 |-0. 12637 |-0.06409 | 0.00000 | -0.13189 | 0.5
0.05  [~0.10533 [-0.12602 |-0.13972 |-0.13289 |—0.06576 | 0.00000 | -0.14100 | 0.48
2.0 0.1 -0.12290 |-0.14061 {-0.15052 |-0.13942 [-0.06744 | 0.00000 | -0.15072 | 0.45
0.5 -0.26347 |-0.25732 |-0.23695 |-0.19162 |-0.08084 | 0.00000 | -0.26347 0
1.0 -0.43918 |~0.40321 |-0.34499 |-0.25688 |-0.09760 | 0.00000 | —0.43919 0
0.0 -0.08015 |-0.12389 |-0.16784 |-0.19636 |-0.12212 | 0.00000 | —0.19641 | 0.58
0.05  |-0.10000 |-0.14125 |-0.18116 |-0.20508 |-0.12491 | 0.00000 | —0.20560 | 0.58
3.0 0.1 -0.11984 [-0. 15861 |-0.19448 |-0.21380 |-0.12771 | 0.00000 | -0.21496 | 0.57
0.5 -0. 27860 |-0.29752 |~0.30106 |-0.28358 |-0.15005 | 0.00000 | -0.30184 | 0.3
1.0 -0.47704 |-0.47115 {~0.43428 |-0.37080 |-0.17797 | 0.00000 | -0.47718 | 0.07
0.0 -0.06991 [-0.12175 |-0.18350 [-0. 24030 [-0.17826 | 0.00000 | -0.24238 | 0.64
0.05 -0.09089 -0.14032 |-0.19771 |-0.24989 |{-0.18180 | 0.00000 | -0.25118 | 0.63]
4.0 0.1 -0.11186 ~0.15888 |-0.21192 |~0.25948 [-0.18535 | 0.00000 | -0.26008 | 0.61
0.5 ~0.27965 |-0.30741 |-0.32564 |-0.33621 |-0.21369 | 0.00000 | -0.33941 | 0.55
1.0 -0.48939 |-0.49307 |-0.46778 |-0.43213 |-0.24912 | 0.00000 | -0.49400 | 0.16
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&2 ZBIEE DHEAROMITE—AS My (B P, - ad)

My(0,y) yib y1/b
bla | €=Puin/Prac| 0.0 0.2 0.4 0.6 0.8 | 1.0 (%)
0.0 0.00186 | 0.01230 | 0.01761 | 0.00907 |-0.02442 |-0.11012 32
0.05 0.00211 | 0.01349 | 0.01825 | 0.00821 [-0.02797 |-0.11897 34
1.0 0.1 0.00235 | 0.01469 | 0.01888 | 0.00735 |-0.03152 |-0.12782 34
0.5 0.00430 | 0.02425 | 0.02394 | 0.00048 |-0.05989 |-0.19865 40
1.0 0.00675 | 0.03620 | 0.03027 |-0.00811 |-0.09535 |-0.28718 43
0.0 0.00155 | 0.01404 | 0.02917 | 0.02841 |-0.01336 |-0.17192 24
0.05 0.00178 | 0.01574 | 0.03045 | 0.02837 |—0.01631 |-0.18289 25
1.5 0.1 0.00201 | 0.01744 | 0.03173 | 0.02833 |-0.01927 |-0.19386 25
0.5 0.00384 | 0.03105 | 0.04194 | 0.02801 |-0.04289 |-0.28161 29
1.0 0.00614 | 0.04806 | 0.05472 | 0.02762 |-0.07242 |-0.39130 32
0.0 0.00100 | 0.00798 | 0.03018 | 0.04040 | 0.00416 |-0.21754 19
0.05 0.00116 | 0.00958 | 0.03145 | 0.04078 | 0.00209 |-0. 22845 20
2.0 0.1 0.00133 | 0.01117 | 0.03272 | 0.04115 | 0.00002 |-0.23937 20
0.5 0.00267 | 0.02392 | 0.04289 | 0.04416 (-0.01650 |~0.32670 23
1.0 0.00433 | 0.03985 | 0.05560 | 0.04791 |-0.03716 |—0.43586 26
0.0 0.00129 [-0.00460 | 0.02036 | 0.04230 | 0.03539 |-0. 28060 14
0.05 0.00137 [-0.00355 | 0.02110 | 0.04274 | 0.03454 |-0.28962 14
3.0 0.1 0.00145 |-0.00249 | 0.02183 | 0.04318 | 0.03368 |-0.29863 15
0.5 0.00205 | 0.00593 | 0.02771 | 0.04672 | 0.02685 |-0.37073 16
1.0 0.00282 | 0.01647 | 0.03507 | 0.05114 | 0.01830 |-0.46086 18
0.0 0.00289 |-0.00982 | 0.01256 | 0.03055 | 0.05368 |-0.32473 12
0.05 0.00292 [-0.00913 | 0.01292 | 0.03083 | 0.05338 |-0.33198 12
4.0 0.1 0.00294 |-0.00844 | 0.01327 | 0.03111 | 0.05307 |-0.33923 13
0.5 0.00315 |-0.00290 | 0.01610 | 0.03335 | 0.05062 |-0.39725 13
1.0 0.00341 | 0.00402 | 0.01965 | 0.03614 | 0.04757 |-0.46978 14
My(x,b) x/a BAME
bla e=P pin /P pax 0.0 0.2 0.4 0.6 | 0.8 1.0 My,max(x,b) | x/a
0.0 ~0. 11012 |-0.08889 |-0.06792 |-0.04717 |-0.01788 | 0.00000 | -0.11012 0
0.05 -0.11897 |-0.09523 |-0.07208 |-0.04942 [-0.01830 | 0.00000 | -0.11897 0
1.0 0.1 -0.12782 |-0.10157 |-0.07623 |-0.05167 |-0.01872 | 0.00000 | -0.12783 0
0.5 -0.19865 |-0.15231 |-0.10946 |-0.06972 [-0.02203 | 0.00000 | -0.19865 0
1.0 -0.28718 |-0.21573 |-0.15100 |-0.09228 [-0.02618 | 0.00000 | -0.28718 0
0.0 —0.17192 |-0.13164 |-0.09512 |-0.06224 |-0.02047 | 0.00000 | —0.17199 0
0.05 -0.18289 |-0.13876 |—-0.09926 |-0.06423 [-0.02069 | 0.00000 | -0.18289 0
1.5 0.1 -0.19386 |-0.14589 |-0.10341 |-0.06622 |-0.02090 | 0.00000 | -0.19386 0
0.5 -0. 28161 |-0.20287 |-0.13658 |~0.08214 |-0.02263 | 0.00000 | -0.28161 0
1.0 -0.39130 |-0.27411 |-0.17804 |-0.10204 |-0.02479 | 0.00000 | -0.39130 0
0.0 ~0. 21754 |-0.16202 |-0. 11380 |-0.07209 |-0.02106 | 0.00000 | -0.21754 0
0.05 -0.22845 |-0.16879 |-0.11753 |-0.07376 [-0.02114 | 0.00000 | -0.22846 0
2.0 0.1 ~0.23937 [-0.17556 |-0.12126 |-0.07544 [-0.02122 | 0.00000 | -0.23937 0
0.5 -0.32670 [-0.22969 |-0.15110 |-0.08885 |[-0.02185 | 0.00000 | -0.32670 0
1.0 -0.43586 |-0.29736 |-0.18840 |-0.10562 |-0.02265 | 0.00000 | -0.43587 0
0.0 ~0. 28060 |-0.20026 |-0.13552 |-0.08274 |-0.01864 | 0.00000 | ~0.28061 0
0.05 -0.28962 |-0.20557 |-0.13830 |-0.08391 |-0.01853 | 0.00000 | -0.28962 0
3.0 0.1 -0.29863 |-0.21089 |-0.14108 |-0.08508 |-0.01843 | 0.00000 | -0.29863 0
0.5 -0.37073 |-0.25340 |-0.16333 |-0.09445 [-0.01761 | 0.00000 | -0.37074 0
1.0 ~0.46086 |-0.30655 |-0.19115 |-0.10616 |-0.01659 | 0.00000 | -0.46087 0
0.0 ~0.32473 |-0.22341 |-0.14672 |-0.08703 '-0.01412 | 0.00000 | -0.32473 0
0.05 -0.33198 |-0.22755 |-0.14881 |-0.08787 ,-0.01389 | 0.00000 | -0.33198 0
4.0 0.1 -0.33923 |-0.23169 |-0.15090 |-0.08870 -0.01367 . 0.00000 | -0.33924 0
0.5 ~0.39725 |-0.26483 |-0.16766 |-0.09537 |-0.01186 | 0.00000 | -0.39726 0
1.0 20.46978 |-0.30626 |-0.18860 |-0.10371 |-0.00961 | 0.00000 | -0.46979 0
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12-3 —BIEE ZNE RO AR 10X, y)
Ox(a,y) (BHL: Poyy - a) y/b

bla €=P pin /P uax 0.0 0.2 0.4 0.6 0.8 1.0
0.0 —0.33714 | -0.19244 | -0.23773 0. 24192 ~0. 13807 0.00748
0.05 —0.41923 | -0.21848 0. 25460 0. 24843 -0. 13454 0.00497
1.0 0.1 ~0.50165 -0. 24478 -0.27158 0. 25491 0. 13095 0.00249
0.5 -1.15874 | -0.45290 ~0. 40658 -0.30708 | -0.10265 ~0.01744
1.0 -1. 98005 -0. 71315 ~0.57524 | -0.37219 -0.06748 | -0.04234
0.0 ~0.16568 | -0.23586 (0. 33488 0. 36929 -0.23026 | -0.01809
0.05 -0.23897 | -0.26873 0. 35870 0. 38101 -0.22828 | -0.02139
1.5 0.1 -0.31213 | -0.30158 | —0.38260 ~0.39278 -0.22634 | -0.02448
0.5 -0. 89765 -0.56430 20.57367 0. 48689 -0.21069 | -0.05026
1.0 ~1.62958 | -0.89280 ~0.81258 | 0. 60461 -0.19116 | —0.08245
0.0 0. 04416 —0.24534 | 0. 38929 —0. 47079 —0.32834 | -0.04666
0.05 -0.10745 0. 28165 -0. 41712 -0.48654 | -0.32876 |  -0.04999
2.0 0.1 -0.17084 | -0.31804 | -0.44493 ~0.50228 | -0.32918 |  -0.05330
0.5 ~0. 67735 -0. 60867 0. 66743 -0. 62822 0. 33251 -0. 08053
1.0 -1.31062 -0.97197 | 0. 94555 -0.78566 | -0.33668 | -0.11445
0.0 0.01647 0. 22862 ~0. 41506 0. 58105 ~0.50847 |  -0.10919
0.05 -0.03778 |  -0.26750 ~0.44513 -0. 60032 -0.51339 ~0.11249
3.0 0.1 -0.09204 |  -0.30640 -0. 47522 0. 61959 -0.51831 -0.11590
0.5 ~0.52609 0. 61752 ~0. 71588 0. 77372 ~0.55768 | —0.14264
L0 ~1.06864 | -1.00644 | -1.01674 |  -0.96641 ~0.60689 | -0.17603
0.0 0. 00590 0. 21366 ~0. 41097 0. 61426 -0.64229 | -0.17793
0.05 ~0. 04543 -0. 25336 0. 44125 -0. 63436 -0.64999 | 0. 18131
4.0 0.1 -0. 09679 ~0.29308 | -0.47154 | 0. 65445 -0.65769 |  -0.18470
0.5 -0.50755 -0. 61071 -0.71384 | -0.81523 -0. 71931 ~0.21195
1.0 -1.02101 | -1.00777 | -1.01673 -1.01621 -0.79634 | -0.24590

ft&-4 ZBDEE ZDEHBROE AN 10y b)
Qv(x,b) (BfL: P,y - a) x/a

bla €=P 11 /P uax 0.0 0.2 0.4 0.6 0.8 1.0
0.0 —0.78005 | -0.40110 0. 35807 0. 28279 0. 13266 0.01580
0.05 -0.83922 -0. 41567 -0. 36800 -0.28638 | -0.12852 0.01293
1.0 0.1 ~0.89823 | 0. 43035 -0. 37789 ~0.28990 | -0.12446 0.00996
0.5 -1.37025 ~0.54737 —0.45718 0. 31822 -0.09139 -0.01316
1.0 -1.96081 -0. 69396 0. 55622 0. 35361 -0.05016 |  -0.04234
0.0 ~1.18784 |  -0. 49751 0. 41882 0. 30332 -0.10482 0.03911
0.05 -1.26662 0. 51041 -0.42504 | -0.30317 | —0.09905 0.03668
1.5 0.1 -1. 34545 -0.52327 -0.43123 -0. 30311 ~0.09318 0.03418
0.5 -1.97558 |  -0. 62657 ~0. 48097 -0.30190 |  -0.04659 0.01443
1.0 -2.76308 |  -0.75562 ~0.54314 | 0. 30061 0.01155 -0.01036
0.0 T1.47714 | 0. 55390 0. 44860 ~0.30428 | -0.07710 0.06168
0.05 -1.55697 |  -0.56472 0. 45247 -0. 30252 ~0.07121 0.05979
2.0 0.1 -1.63700 | -0. 57556 -0. 45635 0. 30061 0. 06518 0.05790
0.5 -2.27622 -0. 66166 0. 48746 ~0.28664 | -0.01784 0. 04290
1.0 -3.07493 0. 76943 ~0.52643 0. 26911 0.04137 0.02411
0.0 ~1.88787 |  -0. 60345 0. 46559 0. 28741 -0. 03098 0.10379
0.05 -1. 95461 ~0.61094 | -0.46747 -0.28514 | -0.02618 0.10297
3.0 0.1 -2.02138 | -0.61841 0. 46937 0. 28285 -0.02138 0.10214
0.5 -2.55564 | —-0.67809 0. 48460 0. 26458 0.01696 0.09553
1.0 -3.22338 | —0.75267 -0.50376 0. 24170 0. 06500 0.08725
0.0 ~2.19078 | 0. 61256 0. 46130 0. 26505 0.00964 0. 14405
0.05 -2.24483 | -0.61803 -0. 46251 -0.26318 | -0.01344 0. 14400
4.0 0.1 -2.29894 | -0.62341 0. 46381 0. 26123 0.01721 0. 14394
0.5 -2.73162 | —0.66668 | -0.47412 0. 24582 0.04759 0. 14354
1.0 -3.27266 | -0.72071 -0.48684 |  -0.22662 0.08546 0.14301
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